The aim of this article is to illustrate the relation between the cognitive styles in Kolb's experiential learning model and dominance in brain functioning. A de scriptive analytical study of the literature on creativity and the developm ent of creative thinking, explored various theo ries and definitions of creativity, and the nature of creative learning. C ongru ences between cognitive styles and the four quadrants of the Whole Brain Model were detected. This article focuses spe cifically on Kolb's cognitive styles in re lation to the Whole Brain Model and the implications thereof for nursing educa tion.
Introduction
Cognitive styles (learning styles) refer to consistent individual differences in the manner in which information is organ ised and p ro c e s s e d (W itkin & Goodenough 1981:1) . Kogan in Garity (1985:12) defines cognitive styles as the individual variations in modes of perceiv ing, rem em bering and thinking, or as distinctive ways of apprehending, stor ing, transforming and utilising informa tion. According to Herrmann who de veloped the Whole Brain Model which focuses on the development of creativ ity, cognitive styles are determined by dom inance in brain fu nctio nin g. He states that a person's preferred modes of knowing (cognitive styles) correlates strongly with what he/she prefers to learn and how h e/sh e p re fe rs to learn (Herrmann 1989:17) . Kolb (1976) identifies four learning styles in his Experiential Learning Model. He views these as acquired, consistent pat terns of learner-environment interaction (Laschinger & Boss 1984:375) . He con siders his model of learning as a theo retical one which integrates perception, cognition, behaviour and experience (Holbert& Thomas 1988:31) . The model is based on a holistic fram ework be cause it includes the cognitive, affective and psychomotor domains of learning and it emphasises both theoretical and experiential learning. It is therefore a particularly appropriate model for a hu manistic, practice-oriented profession such as nursing. Kolb's model has con siderable potential for guiding the design of whole brain learning and creativity in nursing.
research design
An exploratory descriptive design com prising an analytical literature study was utilised. The study was based on the assumption that there might be a rela tio nsh ip between K olb's Experiential Learning Model and Herrmann's Whole Brain Model. The aim was to explore the relation between Kolb's learning styles and H errm ann's preferred m odes of knowing as indicated by dominance in brain functioning. Kolb's model is par ticularly suitable to guide teaching in a practice oriented profession such as nursing. Furthermore the development of whole brain learning enhances crea tivity amongst students. This article will demonstrate that there is a relationship between these models and that teach ing which is organised to accommodate different cognitive styles, simultaneously stimulates whole brain learning. Stu dents can thus be strongly supported to reach their full potential, intellectually the whole brain creativity model
The Whole Brain Model which was de veloped by Herrmann (1989) , originated from the split brain theory that divides the functions of the human brain into left and rig h t h e m is p h e ric p ro ce sse s. H errm a nn m ade a fin e r d is tin c tio n (based on his research) by separating the functions of the two hem ispheres each in an upper and lower quadrant. He refers to the Whole Brain Model as a metaphoric model with an A-, B-, C-and D-quadrant (Herrmann 1989:63-65) . He attributes the upper left (A) quadrant with logical, analytical, quantitative and ra tional (factual based) thinking, and the lower left (B) quadrant, with the abilities of planning, organising, focussing on de tail and linear thinking (sequentiality). The upper right (D) quadrant is regarded as responsible for holistic, intuitive, inte grative and synthesising processes, while the lower right (C) quadrant ap pears to be the origin of emotions, feel ings, interpersonal skills and kinaesthetic awarenesses (see figure 1) . According to Herrmann creativity necessitates utili sation of thinking processes from all four quadrants (Herrmann 1989:197, 411 
kolb's experiential learning model
Each one of Kolb's learning styles is a combination of two of the four learning modes of the learning process as de scribed by him (Potgieter 1996:94) .
The modes of the learning process (1) Concrete experience focuses on being involved in experiences and imme diate human situations while dealing with them in a personal way. The emphasis is on feeling as opposed to thinking. It in vo lve s b eing c o n c e rn e d w ith the uniqueness and complexity of present reality as opposed to theories and gen eralisations. Problem-solving is approached in an in tuitive artistic way. individuals with a con crete experience orientation enjoy and value relating to other people. They are good intuitive decision makers, function well in unstructured situations and have an open-minded approach to life (Kolb 1984:68) . Concrete experience appears to be right brain oriented with a strong preference for the C-quadrant processes because of the emphasis on feeling, interpersonal aspects, and the kinaesthetic nature of real life situations. A lesser utilisation of D-Quadrant processes is indicated by the reliance on intuition during problem solving and decision-making.
(2)
Reflective observation focuses on understanding the meaning of ideas and situations by observing and describing them. Understanding is emphasised as opposed to practical applications. Re flection is emphasised as opposed to what will work. Individuals with a reflec tive observation orientation enjoy intuit ing the meaning of ideas and situations, are good at seeing the implications and look at situations from different perspec tives while appreciating different view points. They prefer to rely on their own 
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The learning mode relies on right brain functioning with a strong emphasis on D-quadrant thinking processes as indi cated by the preference for understand ing (a neocortex function, not limbic), in tuiting, divergence in considering differ ent perspectives, and the ability of vision. A lesser preference for C-quadrant proc esses is manifested by the reliance on feelings and observation, which are kinaesthetically oriented.
(3) A b stra ct co nce ptu a lisa tion fo cuses on the use of logic, concepts and ideas and emphasises thinking as op posed to feeling. There is a concern for developing general theories in contrast to intuitively understanding unique spe cific phenom ena. Problem s are a p proached in a scientific way rather than an artistic way. Individuals with abstract conceptualisation orientation are good at quantitative analysis, manipulations of abstract symbols and systematic plan ning. They value precision, analysis of ideas, and the aesthetic quality of a neat conceptual system (Kolb 1984:69) .
Abstract conceptualisation is related to left brain thinking processes. The ten dency tow ards quantitative analysis, logic, the use of abstract symbols and concern with theories, indicate A-quadrant functioning. A lesser emphasis on B-quadrant thinking processes is shown by their preference for systematic plan ning, precision and discipline.
(4)
Active experimentation focuses on changing situations and actively in fluencing people. The emphasis is on practical applications as opposed to re flective understanding, and on doing in contrast to observing. A pragmatic con cern towards what works is relevant as opposed to the absolute truth. Individu als with an active experimentation orien tation are good at getting things accom plished and are willing to take risks in order to achieve their goals. They value having an influence on their environment and enjoy seeing results (Kolb 1984:69) .
Active experimentation refers mainly to left brain functioning. A particular em phasis on B -quadrant th inking p ro c esses is indicated by the preference for doing, the need for practical application of k n o w le d g e and ideas, th e g o a ldirectedness and the need for accom plishm ent and active involvem ent. A slight preference for D-quadrant proc esses (right brain related) can, however, be seen in the willingness to take risks.
Kolb describes human learning as a four stage cycle moving from concrete expe rience to reflective observation and then on to abstract conceptualisation and to active experimentation. All four modes of learning are needed for effective learn ing but it has been shown that people usually prefer two m odes of learning above the other two and that this is re flected in their learning styles (Hodges 1988:341).
Kolb's four learning styles
(1) Convergent learning style Individuals who exhibit this learning style rely primarily on the learning modes of abstract conceptualisation and active ex perimentation. Their greatest strength lies in problem-solving, decision-making and the practical application of ideas. Converges are good in situations where a single correct answer or solution to a problem is required and they organise knowledge to focus on specific problems through hypothetical-deductive reason ing. They prefer dealing with technical problems rather than social and interper sonal issues and are relatively unemo tio n a l (K olb 1984:77; P a rtrid g e 1983:247).
(2)
Divergent learning style This learning style relies on concrete experience and reflective observation m odes of the learning process. The greatest strength of this style is found in im aginative a bility and awareness of meaning and values. These learning strengths are viewed as being the op posite from convergence. The divergers adapt by viewing concrete situations from many perspectives and tend to or ganise many relationships into a mean ingful gestalt. Adaptation through obser vation rather than action, is emphasised. These individuals perform well in situa tions that require the generation of alter native ideas and implications. They en joy relating to other people and are emo tio n a l and fe e lin g -o rie n te d (K olb 1984:77-78; Partridge 1983:274) .
(3)
Assimilative learning style The learning modes preferred by indi viduals exhibiting the assimilative learn ing style, are abstract conceptualisation and reflective observation. Inductive rea soning, creating theoretical models, and assimilating dissimilar observations into in te g ra te d e x p la n a tio n s , are the strengths of this learning style. Assimilators are more concerned with ideas and abstract concepts although ideas are judged less by their practical value because it is more important for them that theory be logically sound and pre cise. These individuals are less focussed on people, and therefore have some as pects in common with convergers (Kolb 1984:78).
(4)
Accommodative learning style -This learning style emphasises the use of concrete experience and active experi mentation as learning modes. The great est strengths are opposite to those of the a ssim ila tive style. A cco m m o d a to rs adapt through opportunity seeking, risktaking and action. They find it easy to a d a p t to ra p id ly c h a n g in g c irc u m stances. Plans or theories are easily dis carded in situations where they do not fit the facts. Problems are solved in an intuitive trial-and-error manner and these individuals rely more on other for infor mation than on their own analytic ability. Accommodators are at ease with peo ple but are sometimes perceived as im patient (Kolb 1984:78 ).
Icolb's experiential learning model in relation to the whole brain creativity model
After analysing Kolb's four learning styles an attempt was made to relate them to the thinking processes of each of the four quadrants of the Whole Brain Model. This was, however, not feasible. Kolb's learning styles do not appear to be merely left or right brain oriented, but seem to comprise a combination of left and right brain processes. After exami nation of his four learning modes it ap peared that they could be related to the four quadrants, and, on comparison, the following pattern emerged: concrete experience-C-quadrant reflective observation -D-quadrant abstract conceptualisation -A-quadrant active experimentation -B-quadrant (Potgieter 1996:105) A cross comparison between the learn ing preferences of the fo ur learning styles, as represented by a combination of two of the four learning modes and the thinking processes of the four quad rants of the Whole Brain Model, revealed the following: divergers -preference for C-+ D-quadrant thinking convergers -preference for A-+ Bquadrant thinking assimilators -preferen ce fo r A-+ Dquadrant thinking accommodators -preference for B-+ C-+ D-quadrant thinking (Potgieter 1996:105) . (See figure 2) . This picture concurs with Herrmann's (1989:85) findings of the distribution of brain dominance which can either be sin gle-, double-, triple-or quadruple dom i nant.
implications for nursing education
Whole brain education has a dual pur pose. It is the task of the educator to organise the teaching-learning situation in such a way as to provide learning ac tivities which are congruent with the stu dent's cognitive style to enhance learn ing. It is, however, essential to stimulate the student to use his less preferred modes of learning in order to achieve whole brain functioning. According to Kolb students should be taught to de velop skills in their less preferred learn ing modes, so that they can become more flexible holistic learners (Holbert & Thomas 1988:32) . Messick (1984:69) states that matching of cognitive style is required when the aim is to enhance immediate subject-matter achievement, but mismatching may be essential when the aim is to promote flexible and crea tive thinking.
The relationship between Kolb's model and the Whole Brain Model implies that nurse educators who base their teach ing on the experiential model not only accom modate different learning styles but at the same tim e stim ulate whole brain creativity in their students. The fol lowing discussion can serve as a guide line for organising the teaching-learning environment:
(1)
Concrete experience: C-quadran t th in kin g (d iv e rg e rs and accommodators) Concrete experience refers to immedi ate personal involvement in human situ ations with emphasis on the affective dom ain. Teaching strategies w hich would enhance this mode of learning include role play, simulation, patient case histories, values cla rifica tio n , s o c io drama, group discussions, ward rounds, and assigned patient interviews in the clinical field. Students are hereby pro vided with opportunities to learn about human emotions, as engagement in in terpersonal relationships with peers and patients is facilitated.
Patient case histories, ward rounds and patient interviews offer students concrete
Figure 2 : Kolb's learning cycle and learning styles in relation to th e four quadrants of th e w h o le brain model e x p e rie n c e s in re a l-life s itu a tio n s wherein they can discover first hand in formation themselves. Values clarifica tion, role play, simulation, group discus sions and socio-drama enable students to become aware of a diversity of feel ings, attitudes, values and viewpoints and they learn how to express their own views (Potgieter 1996:101).
The abovem entioned teaching strate gies facilitate experiential learning and involve to a greater extent the processes of the C-quadrant in the Whole Brain Model.
(2) R efle ctiv e o b servatio n : Dquadrant thinking (divergers and assimilators) This learning mode focuses on obser vation and reflecting (understanding and intuiting the meaning of ideas and s itu a tio n s ).
H o lb e rt and T hom as (1988:32) suggest teaching strategies w hich in clu d e o bse rva tion al e xp e ri ences followed by structured group dis cussions. Clinical assignments to ob serve specific procedures (for example, a particular surgical procedure in the op erating theatre, a gastroscopy being per formed, blood tests being done in the laboratory) will result in more effective learning. Students can be asked to dis cuss their impressions afterwards dur ing a group discussion. They can also be prompted to report on clinical inci dents in order to express their views and im pressions on how such situations were handled and how they think these could have been managed more effec tively. Visual displays including films, vid eos and pictures can be presented to students where they have to analyse and evaluate the scenarios -this stimulates creative thinking. Individual projects on issues which require personal opinions and understanding, such as ethical is sues and context sp ecific problem s which require intuitive thinking, could be given to students. Diaries and journalkeeping fall into this category. Accord ing to Hodges (1988:344) , most semi nars and paper-written assignments pro vide for the reinforcement of reflective skills as they are perceptually and sym bolically complex.
Creative teaching strategies such as metaphorical thinking, guided fantasy and expressive writing, also provide op portunities for reflective thinking, and in tuiting the meaning of ideas and situa tions (Potgieter 1996:103) . These teaching strategies are experien tial in nature and focus mainly on the Dquadrant processes in the Whole Brain Model.
(3)
Abstract conceptualisation: Aquadrant thinking (convergers and assimilators) Abstract conceptualisation emphasises thinking as opposed to feeling. Accord ing to Hodges (1988:344) , formal lec tures and textbook reading offer symboli cally complex situations which expand o n e 's ca pa city fo r a bstract c o n c e p tualisation. To this list can be added writ ten assignments, case studies, learning packages and programmed learning, as they all provide for analysis and abstract conceptualisation.
The teaching-learning environment must be structured since factual detail, sys tematic planning, analysis and abstract thought are emphasised. This mode of learning corresponds with the A-quadrant and Herrmann (1989:56) states that individuals who prefer this mode need structure and detail in order to be com fortable with a new learning experience. Additional teaching strategies whereby these individuals will benefit include clini cal conferences, seminars, individual projects and case studies. Problem solving should involve crucial problems in nursing which necessitate a direct sci entific approach and not a divergent approach. As these individuals may ap pose most creative thinking techniques (because they are unstructured), brain storming might provide a challenge to them and can enhance their ability to present m ore creative end p roducts (Potgieter 1996:104) .
(4)
A ctive exp erim entatio n : Bquadrant thinking (accommodators and convergers) A ctive e x p e rim e n ta tio n fo c u s e s on changing situations and actively influ encing people. The emphasis is on ac tive doing and practical applications. Students should be allowed to practice procedures in the simulation laboratory and to adjust procedures when neces sary to im prove them . Self-initiated projects in the clinical field should be encouraged. Students could be as signed to take charge of hospital wards to allow them the opportunity to take risks and influence their environment, and to challenge their abilities for sys tematic planning and pragmatic appli cation of relevant aspects. Demonstra tions, nursing care plans and clinical learning experiences should be empha sised as they offer opportunities for prac tical application of student knowledge. Creative teaching strategies including synectics and creative problem-solving, may appeal to this group of students be cause these can assist them to find prac tical solutions to problem s (Potgieter 1996:104) . These teaching strategies provide some sort of structure and appeal strongly to the B-quadrant processes of the Whole Brain Model. cognitive style, brain dominance and professional occupation Kolb (1984:88) reported that his research has shown that undergraduate educa tion is a major factor in the development of an individual's learning style. It is not clear, however, whether this is because individuals are shaped by the fields they enter or whether people choose fields that are consistent with their learning styles. Kolb states that in case of a mis m atch betw een the fie ld 's lea rn ing norm s, and the in d iv id u a l's learning style, people will either change or leave the field. This view is co ng ru en t to H e rrm a n n 's sta te m e nt th a t m u ltip le dominance can be detected in occupa tions requiring the ability to rely on more than one mode (Herrmann 1989:100-101 ).
Research studies have repeatedly re p o rte d s tu d e n t nurses to be e ithe r accommodators or divergers. These in clude reports by Laschinger and Boss (19 84 :3 78 ) , H ig h fie ld (1988:30), C h ris te n s e n and B ugg (1979) and Bennet in Kolb (1984:89) .
In te re s tin g s im ila ritie s b etw een Herrmann's distribution of occupational patterns according to brain dominance, and the d is trib u tio n of pro fessio na l groups accordin g to K olb's learning styles have been indicated. Herrmann (1989:100-103) has found tri ple dominants occurring in nursing and social work, and reports that in the typi cal nursing profile the greatest prefer ence is in the B-and C-quadrants and to a lesser extent the D-quadrant which shows nurses as accommodators and divergers. Sim ilarities between H errm ann's and Kolb's findings are also illustrated with reference to engineers (A-or A-+ Bquadrant, convergers), bookkeepers (Bor A-+ B-quadrant, convergers), social w o rk e rs (C-or C-+ D -q u a d ra n t, divergers) and educators (C-or C-+ Dq u a d ra n t, d iv e rg e rs ) (P o tg ie te r 1996:107-109).
summary
It appears that there are definite links between individuals' cognitive styles and dom inance in brain functioning. The general view of researchers is that al though the teaching-learning environ ment should be organised to accommo date individual students' cognitive styles, stimulation of the less preferred modes of thinking should also be provided. This
